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Table 1

Fric 51 ¥ (PCLG2, PCLG10, PCLG13, PCLGI15,
PCLG16,.PCLG29.PCLG35 5 PCLG3D! , ¥ 1
K% .10 X Buffer 4 pL;dNTP 1 pl;r-Taqg B 0.1
pLs B9 2 pl; 8 G R ER R R I 4] DNA KR 2 pl;
#7 ddH, O 2 20 pL., ¥ 3 4 4. 95 °C 48
3 min;95 ‘CAE M 30 s;58 “CiB Kk 30 s;72 °C #EAif
30 5335 WA )G ;72 “CHAEMR 7 min;4 CIRAF .

3) SRV Mok i B LUK . FRLVK R N PCR 4 3
P X B AN B IE B 25 REAS HL Dk Akl BE AT 58 3
G3HT
1.3 EERITSH

FIHI 8 4~ SSR Fric %5 T 13 A 5 [T 5 2 I
BEIR (R DMREHE AL, 5k POPGENE 3.2 #f4
XF 13 A FEAAR UM e A B CH O W3 2 G R
(HO M SEREN O 28 B & 7 (PIC)  Har-
dy-Weinberg - 45 % 15 5t 1% BF 25 5 #4750 1. AR
PR AL FE B R AL MEGA 4.0 BEN Y b 13 AN
AT AR R 5T .
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The Geographical distribution and sample size of the 13 crayfish (Procambarus clarkii) populations

#1144 Location 5 BF Latitude

% ¥ Longitude FEAS i Sample size

HE YC N30°76'60.79" E111°28'47.55" 23
FHT.O DJK N32°59'36.80" E111°48'75.40" 23
WiFl JL N29°82'09.51" E112°82'04.32" 25
T g -4 PH DTH-YY N29°17'58.95" E113°08'02.94" 24
i £ i -9e 7T DTH-Y]J N28°84'27.48" E112°39'59.24" 27
AR HZH N33°23'35.75" E118°59'55.19" 29
ki HH N29°95'48.40" E113°47'11.45" 28
Kl TH N31°01'43.40" E120°03'74.22" 24
HiH CH N31°59'94.79" E117°57'60.29" 24
JLiT JJ N29°67'24.70" E115°85'86.23" 27
FIH® PYH N28°89'39.70" E116°33'75.68" 22
TR AQ N30°55'98.51" E117°13'54.37" 24
EIK CQ N29°9036.53" E106°11'11.79" 26

0 EEESH AN TRV (A b 2 3 TR R 1 25 57 L AR I 5 K 45 B e s

=A - S
SUFE S [RVHE AR rp 55 PR R0 46 K T 0,30 14 356 R 78 4
21 AREMIBEMEK SSRIFICERB S R AR 1 2 I PR R 5 X 4% B AAROR R AR I A

3 3 2R PR P M 6 Mg L Uk ARG T 4% A iE PCR 7=
Wy (1D & TR 45 A 10 7 B A 7 [ D B A B A B
S L B O 3~5 Hoh ARid PCLGL5 4 5
ANEEf B L FRiC PCLG13,PCLG16 5 PCLG35 1
A ANENER RSN R 3 NEMEE, &
FRAC A S A 3 R 35 B PCR 7= 8 A B K /MR IR E
SCHUATBYUCTUDE AR &AL R, A T X

SR 32 AL R Y b A R B T - B L R S
AR I P T T AV [l L O A e 1 S T A
(PCLG10,PCLG15 5 PCLG37) iy 3= 5 %k K 7 A
] BB ATTAS [R) K 18 5 7 PH i 45 X3k iy 32 22 5L 1A
RUCER 2) . P KD 30 Y 35 S A (84 M) rhafi 5
T (58 M) 2 i bk 69 Vo , kM 3T 28 AT i 2 B 5 [C A
SR R 2l A i A
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Fig.1 The polyacrylamide gel electrophoresis for the partial PCR products of the SSR markers
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Table 2 The major genotypes of eight SSR makers in the 13 crayfish (Procambarus clarkii) populations

Frid FEAEREE w8 Fhmn WA WREEB- R EE - BEEW O UhE KW B U B &K HIR
Markers N YC DJK JL EMHYY Wil Y) HZH HH TH CH JJ PYH AQ CQ
PCLG13 4 AB AA AB AB BB BB BB AA DD AA AB AB AB
PCLG15 5 EE EE DE EE DD EE EE — BC EE EE EE DD
PCLGO2 3 CcC CcC BC BC cC BC BC BB BC BB BC AC AB
PCLG16 4 BB BB — — BB — AC AB — — — BC —
PCLG29 3 cC BB BB — — — — CC AB AB AA BB AB
PCLG10 3 BB AA AA AA — AA AA — — BB BB — —
PCLG35 4 BB CcC — AA AA — AA DD — AA BC BD AB
PCLG37 3 BB BB BB BB BB BB BB AA BC AA AA AA BB

N SR I R R R R R T 0.3 Y 3L R B A SR I R A, ¢ —

the genotype with a frequency more than 0.3 was defined as the major genotype,*

22 AEHISE SRS S EES T

Xof AN [) by 3R A 1 SF- 45 2% 6 BE (8 A I 1 4
A BEBED SEAT 43 AT A5 - O () b A A 1) O 24 30 2R
PG RE(H D A A TE 0,37~ 0,57, 24 WL 2% 45 &
(H ) AE 0.23~0.48(F 3), ILAM, A [A] H b
-1 2 38 & (PIC fH) 4 fi £ 0. 40 ~
0.56,%4 PIC {EJHD 0.5 i, Em BHA &L B,
0.25<<PIC<C0.5 W, ¥ P EZEH, AR
Hr, 3 AN LR CRCE L PHIT S EEEE D (10 7 I R T
FEART-2 PIC (H KT 0.5, BRI A H 2B A
IS ¥ PIC H KT 0.25, 88 THEZE
PE. R 13 AN [R] 1l 3 5 IG D B MR AR AR 1Y 2 b e
HGEH, 5 HOS5Z8M%E B & & (PIC H) 545 R
FE W L 3R VT R 9 U A0 v EC TR RS R R AR B AT
R 55 e 1) 382 A% 22 B

Flu_.\

’i’%ﬁiﬂ‘%ﬂdﬂh%i%glﬂi Note: N, , Allele number,

*—” indicated no major genotype in that population.

2.3 A [EHIE B F Hardy-Weinberg FE & 4 47
HRAE BT A7 19 b i 3 P Y i 47 Hardy-Weinberg

Al oy B, HZE R R, 8 A ARl i a5, bRl
PCLG13 i a5 7E 13 A Ff A b B ] 89 43 A 4 b T
Hardy-Weinberg “E i (P =>0.05) ; kr i PCLGO2 {i

SOETER B (YCO) B M b 35 A &L 73 417l 2 Hardy-
Weinberg F4if (P <C0.05) ., PCLG15 5 PCLG35 fif
SUTE 2 S HE A i BE DR A 43 A D 25 Hardy-Weinberg
A (P <0.05) (% 4) s Ay 4 A Ricfr 397 2 A
DL B 2 RS 43 A i 5 Hardy-Weinberg -
(P<C0.05). A, A 8 Mhpic B A REA P 1
OB Sy A5 ¥ IR B Hardy-Weinberg P fif
(P<<0.05) (K D, ZiH BRE RS &R AL 5l
PRI AL 4l 830 A A5 R R W& b e A s S AR AE O
AT,
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Table 3 The polymorphism information content and heterozygosity of eight SSR makers loci

in the 13 populations of crayfish (Procambarus clarkii)

RER Z &5 B m PIC W& H, WG H.

Population Mean=+SD Mean =+ SD Mean=+ SD

B YC 0.52+0.20 0.3140.14 0.54+0.20
FHT. O DJK 0.52+0.11 0.2340.19 0.5440.11
WA L 0.49+0.10 0.360.24 0.52+0.10
K TH 0.4440.18 0.3520.26 0.48+0.18
Hij) CH 0.45+0.20 0.46+0.23 0.43+0.20
T JiE - FH DTH-YY 0.4440.15 0.41240.23 0.484+0.15
T8 g W1-DE v DTH-Y] 0.4840.20 0.3340.19 0.4240.21
BEEW HZH 0.56+0.14 0.45-+0.28 0.57+0.14
#E# HH 0.41+0.15 0.38+0.24 0.48+0.16
Ui JJ 0.40+0.21 0.330.23 0.37+0.22
FBEA M PYH 0.4740.22 0.3140.20 0.4540.22
TR AQ 0.48+0.22 0.42+0.26 0.50+0.22
HK CQ 0.4840.24 0.48+0.20 0.56+0.15

1 Note: H, : WMLl 24 & & Observed heterozygosity; H.: B E

J# Expected heterozygosity; SD:¥rif 22 Standard deviation.

x4 RE-BARTEEHRRE
Table 4 Hardy-W einberg equilibrium test

Fric HE  FHTE WA RES-EE WEB-DO MR B R W um W 2K mIR BE
Markers ~ YC ~ DJK JL DTH-YY DTH-YJ HzZH HH TH CH J] PYH AQ CQ Al
PCLG13 0.00
PCLG15 0.00 0.01 0.00
PCLG02  0.00 0.00
PCLG16  0.00 0.01 0.02 0.00
PCLG29  0.01 0.01 0.00  0.00 0.00
PCLG10  0.00  0.00  0.00 0.00 0.00  0.00 0.00 0.00 0.00
PCLG35  0.00  0.00 0.00
PCLG37 0.00  0.00 0.00 0.00 0.00  0.00 0.00 0.01 0.00 0.01 0.00  0.00

1 Note: AU P<C0.05 BY%{H . The P value less than 0.05 were listed.
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Bro 45 3 R 3% 5 AR 5 R g 1D 7 (DTH-
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KRR 5 A KRy 5 1% B B A X R
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I (PYY D by Sl A 17 358 % IR 2 A 0 400 J& T [ —
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0.08~0.37(F 5, A, Hill (CH) 5EK(CQ #f
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FOE 2,
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Fig.2 Dendrogram of the 13 crayfish

( Procambarus clarkii) populations based on

Neighbor-Joining cluster analysis
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Table 5 The genetic distance among the 13 crayfish ( Procambarus clarkii) populations
BEAA HE  JHTO WEF K B REW-mH REEE-UoIL BT B JuL WM %R
Population YC DJK JL TH CH DTH-YY DTH-Y] HZH HH ] PYH AQ
FHI. DJK 0.13
WA TL 0.17 0.05
K TH 0.38 0.43 0.47
HW CH 0.24 0.38 0.31 0.40
fﬁféfﬁﬂ 0.19 0.06 0.06 0.51 0.53
gﬁf};ﬂl 0.36 0.19 0.09 0.69 0.56 0.08
HEH HZH 0.16 0.07 0.06 0.48 0.44 0.04 0.13
i HH 0.14 0.06 0.06 0.55 0.41 0.05 0.15 0.04
LT 1) 0.32 0.34 0.32 0.23 0.37 0.38 0.61 0.30 0.33
A PYH 0.18 0.20 0.27 0.37 0.33 0.33 0.56 0.22 0.20 0.16
TR AQ 0.19 0.22 0.26 0.24 0.23 0.36 0.54 0.26 0.22  0.17  0.08
IR CQ 0.36 0.36 0.25 0.59 0.26 0.38 0.29 0.35 0.38  0.54  0.48  0.42
3 it @ ST AE R 8 AN FRIC AL SR 13 AR IR B Hardy-
o Weinberg -4 0 F 59 B UBCOH 0.1 45 T 36, 47 1
31 RERKEENMEGRAIFENEESHENE  PCLGI3 87 Lk 13 MR EE] T Hardy-

WF 58 AT W 92 e [ 8 R A3 3 I I 2
s 4 i TEE] AN [ b 35 1) e U it 2 o e SRR AR R A T a8t A
O3 BT L2 SR B o FC 5 0 S A FR ] R T b X5
fili » Bt 2 4 VT 5 R T A5 K R B A BT R R
[, AR 22 WF 90 2 03 ] 1Y) o TG 28 R LA 4 v
(3581 22 REPE 201 R A AN 5T, AR UF 52 1 2R
B AEXY5) (R D . B 8 4> SSR FRid X i
13 A 1l 33 R 5 A7 388 4% 43 BT 45 45 b 108 0 05 7 A
DU S S I B 2 5 B (H D) 43 A £ 0,37~
0.57 ¥ ZEB A5 B &5 (PIC) A i fE 0.40~0.56;
XL L % 13 A MR Y o G R B R B B
Ml Z e, 25 b RIS T GE 1) 5 [
JE B R T A AR I N A ) HRE 3 A T AR
S50, R0 R VL b R U U 0 B G D B R L
A W AL Z AV BB N 1AL B R 5T 4R AL AR T
32 RERZKEFEERVSEKAREEEHE

e G R BN B P i i 42 £ BN BlK R F SR AE 4
5 NGIF . 7R E IR b 5] A TR E R s X, D
T A ) F A b 355 A% 1% 1 3 A b, K S R i T
BRSO h B R A B AR B D
1 B 3L RN L 5y il 51 AN ] 35 1 A A I PR A
P 2E S N S ERE AR L . ARSI X 13 A4S
i35 19 e EG i B MR A A E 4T Hardy-Weinberg “F- ffif

Weinberg V-, SR 76 % A HE AR b BT A A0 B i
fif /5 ¥ B Hardy-Weinberg F #f ( P < 0. 01)
(R 4) 3k S 25 3 3% W 22 50 by ol A P 3 4% i P A
3 AT YA L AETE AN )l Sl R S T 1 3 R R A A O3 A
IR B 22 5 5 N AN [7) H Sl R AR 0 8 10 B st A% oAb
JEH 3d 3ok 35t A% B S A M B < 13 AN AN () 3
FOREAR AT LUOT R 3 AN ZRAE s o, DLkl 5 gk i ) 46
TR A AR 1 200 R0 LA K 380 5 480 B 80 A A4 AR 1
KB 2R R KR 2), MXPERFNFE
BE RS BT & B - BT =2 TR A A I ) A A7 T
ZS (R 2, XELIRRIIX PR MBS E
2SS, DR D 2SR A0 AR K RT RE R T B
F 1A [+] by 5 £ Ji5t 28 R A B 43 A 1) it PR fHL A e
DAHRRR 5 I T 2 0 A FR I pig 5t DX o) AN [t Ja
PR R, Oy 1 A [) BR G Y 38 4 1 i &
AT RS SRR RE . BEA TR L B A
S5 BRE AT A7 A e TG 5 2 R N TR 5 X, B AT =2 Tl A
TEN AR B 5 | Bl 5 35 IR A2 3, AT RE S 80 T ik LA
T8 DX %) B A A BT 2 () 7 A () JBT A T 268 B 98 A A 1
DX 3 A 5 [ B MR SR X, o N Ry 51 F [8) A7 AR
iy SR B, DT SR X A S 0 2R 5 2 1 R R
e LG 5B MR A 1) AN )38 44 AR o AR B
33 EREENMRARPSEEETM

ARk, 3R ] B [ D B 0 7 B A K B iU L 4%
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G i 280 B B2 A o o () Dt A ™ B, A1 2 M) 1 3t A
B/ ME N 0.04 (38 5) 5 R W IX 283 X 2 1] 1Y 32 [T
2 AR i A o 5 U 22 R A B T A RO
RO B AT N FR 5 A8 A 5 AT 2k BT RO AN A
(. it 2 RE 5 DR 3 o R B R bl o B R 22 A
BRI E B, R v R AR SR AR P o
SRR N5 HBEILAE 5 BRSO R R R B R v G
JEUB O AR/ ) LY B R AR sl 2
o B B R R B R B A 3t A A R PR B U
AT U TE B 3 A A TR] B4 7 [C U2 R SR (8T 2)
EANTZ A7 — RE (435 1% 22 F 1 e AT A7 i 4R
ORI A v FG B 0 2% 52 7 b 4R A o B DA
e [ 7 FC IS 2 A I 1 A1 oK Wy b L 5B AT A D M A
AL ZAREPED A ROR R R BRYE . It B 1A
JH 3 1] 558 P9 ) e T it 26 o B A il ot i A7 st 4L 7
PN JEE 72 b 58 T SR At b 358 5 Al 2 AR AR B R S
R R 5 B A B B IR AR
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Genetic diversity and structure analysis of 13 red swamp crayfish

(Procambarus clarkii) populations in Yangtze River basin

TAN Yunfei"? ,PENG Guohui'?,XIONG Lijing"? ,PENG Bo'"?,
WU Yibo®*,SONG Chaowei’ ,BAI Xufeng'*

1.Shuangshui Shuanglii Institute/National Key Laboratory of Crop Genetic Im provement ,
Huazhong Agricultural University ,Wuhan 430070,China ;
2.College of Fisheries s Huazhong Agricultural University sWuhan 430070,China

Abstract Genetic analysis of 13 red swamp crayfish (Procambarus clarkii) populations from dif-
ferent regions of the Yangtze River basin in China were performed using 8 simple sequence repeats
(SSR) makers. The allele number, herterozygosity, polymorphism information content (PIC), Hardy-
Weinberg equilibrium index and genetic distance in the 13 populations were identified, respectively. The
results showed that there were 3-5 alleles at each SSR marker locus in the population,the expected het-
erozygosity were 0.37-0.57,the observed heterozygosity were 0.23-0.48,and the PIC were 0.40-0.56, re-
spectively ,suggesting a higher genetic diversity among the investigated populations. In addition,3 groups
were classified by a neighbor-joining method based on the genetic distance among the populations. Taihu
(TH) and Poyanghu (PYH) populations represented the first group, Chongqing (CQ) and Chaohu
(CH) populations represented the second group and Honghu (HH) ,and Dongtinghu (DTH) and Hong-
zehu (HZH) populations represented the third group. These results indicate that China has a red swamp
crayfish resource of high genetic diversity.

Keywords red swamp crayfish (Procambarus clarkii) ; simple sequence repeats (SSR) marker; ge-

netic diversity; genetic structure; population differentiation
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